Background: Before introducing proteins from new or alternative dietary sources into the market, a compressive risk assessment including food allergic sensitization should be carried out in order to ensure their safety. We have recently proposed the adverse outcome pathway (AOP) concept to structure the current mechanistic understanding of the molecular and cellular pathways evidenced to drive IgEmediated food allergies. This AOP framework offers the biological context to collect and structure existing in vitro methods and to identify missing assays to evaluate sensitizing potential of food proteins.
Unspecific transport of food proteins may occur via epithelial, goblet or M cells and may result not only 144 in protein degradation within these cells and cellular activation, but also it can lead to process of proteins 145 into peptides that can be expressed in the context of MHC-II. The route of uptake seems to have an 146 important implication for the final outcome. Although insufficiently studied, it has been proposed that 147 larger cross-linked proteins could be more sensitizing because they are preferentially taken up by M cells 148 and directly interact with immune cells in Peyer's patches. Roth-Walter and co-workers described that the 149 intestinal transport of soluble ꞵ-lactoglobulin occurs through enterocytes, while the uptake of its 150 aggregates is redirected to Peyer's patches (Roth-Walter et al., 2008) . On the other hand, smaller intact proteins are transferred via goblet-associated passage (also called GAP) and that may be linked to 152 processing by CD103+ DCs, facilitating tolerance rather than to other DCs that are linked to sensitization 153 (McDole et al., 2012) . M cell transfer and GAP are not often studied using in vitro methods, but cell lines 154 as well as organoids can be adapted to study the particular involvement of these transportation routes. For 155 instance, cell lines and intestinal stem cell-derived organoids can be stimulated to form M cells by 156 RANKL-RANK pathway activation (Kimura, 2018) and GAP could be studied in specialized cell lines M A N U S C R I P T
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available for ranges of allergens and clearly this information is needed to link endocytosis per se as well M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT major peach allergen Pru p 3, in comparison with that of the hypoallergenic peach LTP 1 using Caco-2 203 cells grown in a transwell system. Authors showed that in the presence of Pru p 3 an increased expression 204 of Th2-driving cytokines (IL-25, IL-33, and TSLP) was observed. However, with the hypoallergenic 205 protein LTP 1, the induction these cytokines was significantly lower (Tordesillas et al., 2013) . In other 206 study, the effect of the peanut allergen Ara h 2 on IECs showed upregulation of the inflammatory 207 cytokines IL-1β and IL-8 (Starkl et al., 2011) .
208
Concluding, the activation of epithelial cells is a heterogeneous process in which the cytokine 209 environment is crucial, for this reason the effects of more food allergens on IECS should be described 210 using other cell types than Caco-2 cells. Despite the fact that the majority of studies are focused on the 211 analysis of the cytokines expression, other pathways should be explored, such as mucus secretion or Ca 2+ -212 signaling pathway alterations.
properties of food proteins. The interaction of food allergens with the intestinal epithelium not only leads 217 to the secretion of innate cytokines, but also the production of chemokines and other soluble factors such 218 as alarmins (e.g. uric acid, ATP, HMGB1, and S100 proteins) that drive immune polarization by affecting 
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In addition, co-culture systems allowing cross-talk between structural cells (IECs) and effector immune 234 cells (such as basophils) are being attempted to study whether a food allergen induces not only a direct 235 epithelial activation, but also its consequences on the underlying immune cells, enabling to assess the 236 immune cell responses through epithelial activation. An in vitro model based on the co-culture of Caco-2 237 cells and rat basophilic leukaemia cells (RBLs) has been used for the study of immune activation upon M A N U S C R I P T
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Velickovic, 2014). These data indicated differences that correlated with the sensitizing potential in vivo, 260 suggesting that these additional parameters may be useful in vitro parameters to evaluate the sensitizing 261 potential of food proteins. On this regard, BM-DCs have been applied to estimate the effect of thermal 262 process on ovalbumin and showed that a glycation product of this allergen, pyrraline, induced higher 263 uptake by DCs associated with the scavenger receptor class A (Heilmann et al., 2014) . 
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migrated cells are harvested from the lower chamber and quantified (Rhee et al., 2014) . However, these 280 migration assays have never been proven useful in a food allergen specific context. 
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Levels of secreted cytokines are often evaluated by ELISA or flow cytometry in cell culture supernatants.
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This method has been used to evaluate several food allergens from cow's milk (Kanjarawi et al., 2011; and shrimp (Wai et al., 2016) . Moreover, extracts from whey, hen's egg white, peanut, cashew, walnut 
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On the other hand, the adaptive immune system (here reflected in KE4 and KE5) is composed of small 580 numbers of T and B cells with specificity of any individual allergen. Therefore the responding cells must 581 proliferate after encountering the allergen in order to attain sufficient numbers to mount an effective 582 response that can be detected. This feature of the adaptive system complicates the development of in vitro 583 approaches to assess KE4 and KE5. This is also reflected in Table 1 which depicts a limited number of in 584 vitro approaches to address KE4 and the absence of an available in vitro assay to assess B cell isotype 585 switching (KE5) in a food-allergen specific context.
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It must be noted that the in vitro models discussed in this manuscript have been developed to obtain a 587 better understanding of the processes involved in food sensitization. Several of the described in vitro 588 models (summarized in Table 1 ) seem to be correlated with the sensitizing potential in vivo and some 589 show great promise to closely approximate in vivo conditions (e.g. in vitro micro-fluidics systems and 590 organotypic cultures), however as far as we know, none of the described models have been successfully 591 used to assess the sensitizing potential of a given food protein by comparing high and low/none 592 sensitizing food proteins in the assay. To this end, it would be an essential step forward to expand the Table 1 . Main in vitro approaches used to characterize major food allergen of bovine milk (Bos d 5), hen's egg (Gal d 2) and peanut (Ara h 2), organized following the molecular initiation events and key events described by the adverse outcome pathway for food allergic sensitization.
Event
Allergen In vitro method Read-outs Main findings Reference MIE 1, 2, 3 & KE1
Bos d 5
Caco-2 and M cells Allergen quantification (SDS-PAGE, Western blot and microscopy). Integrity of ZO-1 (microscopy). 
HIGHLIGHTS
-The AOP for food sensitization helps to implement in vitro testing approaches.
-Innate immune mechanisms are easier to address than adaptive response.
-No in vitro protocols have been established for investigating IgE-class switching.
-Ex vivo strategies are promising to address multiple key events at the same assay. 
